The constant velocity (CV) joint boots in vehicles protect the CV joints, which are axle connection parts that transmit the axial rotary motion caused by the steering system. In order to mitigate the issues concerning CV joint boots, the boot was newly designed to enable production using the injection molding method and to reduce the inner space by more than 30%, and the operability and durability of the newly designed boots were verified based on a comparative analysis with the conventional product using the finite element method (FEM). A finite element analysis was conducted using commercial software, MSC. Marc, and the finite elements for three models, including the Old Model, New Model 1 and New Model 2, were generated for the analysis. The analysis results showed that the maximum stress values were similar in all three models, and thus, it is deemed that there will be no problems in durability and reliability resulting from the design change.
Introduction
Constant velocity (CV) joint boots in vehicles have the function of protecting the CV joints, axle connection parts that transmit the axial rotary motion caused by the steering system. Figure 1 shows the CV joint assembly and the typical shape of a CV joint boot. In most cases, boots are made of chloroprene rubber (CR). During vehicle operation, boots constantly undergo expansion, compression and bending resulting from axial rotation, and internal pressure occurs due to the expansion of lubricant caused by increased temperature in the boots. The boot also comes into contact with itself during motion. Such self-contact results in abrasion and wear, thereby reducing the life of the boot. When assembling CV joints, grease is applied for internal lubrication, and large amounts of grease are necessary due to the shape of the boot. Due to the design characteristics of the boot, engineered plastic material is used in a limited amount. In this case, it is impossible to produce boots using the injection molding method, and the boots for the outer ring are partially produced using the blow molding method. As for the assembly condition in the engine side, rubber enabling injection molding method is used in order to ensure endurance against rotation as well as the rising temperatures of the engine.
In order to mitigate the issues concerning CV joint boots, this study was conducted to newly design the boot for production using the injection molding method and to reduce the inner space by more than 30%. The operability and durability of the newly designed boots were verified based on a comparative analysis with the conventional product using the finite element method (FEM).
Boot Design
The function of the boot is to protect the grease in the connection part of the CV joint and to prevent contaminants such as dust from entering the area. Also, it plays a role in the axial displacement and bending of the CV joint and rotation. In order to perform these functions, the conventional boot bends in the axial direction, as shown in Figure 2 . However, the newly designed boot bends in an R direction. The structure was designed to reduce the internal space of the boot by over 40% and to enable production using the injection molding method. The application of the injection molding method is expected to allow the use of various types of engineered plastics and maximize durability. 
Finite Element Analysis
The boot is mainly made of CR, which has high incompressibility and shows anon-linear behavior, and various models have been developed, based on the strain and energy function, in order to take advantage of the material properties. Some of the major models used include the Neo-Hookean, Mooney Rivlin and Ogden models. The generalized Mooney Rivlin model for the expression of large deformation and incompressibility behaviors, which are characteristic of rubber, was used in the finite element analysis. where U is the strain energy, and I 1 and I 2 are the main invariant of the Cauchy Green deformation tensor. The constants, C 10 , C 01 and C 11 , representing the material properties are obtained by experiment. Usually, a two-axis tensile test is most effective, but due to the complex procedure and the inaccuracy in obtaining the constants, the results can be supplemented through simple compression and shear tests. In the case of rubber, softening occurs under repeated load due to the so-called Mullins effect. This effect is most apparent during the first loading, and it continues to occur even after several cycles. Thus, the first couple of the experimental results tend to show exaggerated characteristics of rubber. In order to avoid this phenomenon, four to five preconditioning steps were completed until the strain appropriate for the product usage conditions was attained, and the results obtained thereafter were used to determine the constants. The MoonyRivlin constants used in the analysis were 1.276 for C 10 and 6.782 for C 01 , and these were for the material that is commonly used in CV joint boot production.
The finite element analysis was conducted using commercial software, MSC. Marc. Finite elements were generated for the analysis of three models, including the Old Model, New Model 1 and New Model 2, as shown in Figure 3 , and Hexa8 and Penta6 elements were used to generate the models. "-" direction movement 11.3mm
13• rotation about an axis of rotation
As for the boundary conditions in the finite element analysis, the housing and shaft are the points at which the boot and band are assembled, as shown in Figure 4 . The glue contact condition was assigned in Marc to conduct the analysis for an attached condition. As for the boot, the self-contact condition was assigned to recreate the actual condition. On the other hand, the pressing effect caused by pressure during band assembly was not reflected in the analysis. Half (1/2) models were generated by rotating the finite element models toward one side of the shaft as a way to assign the symmetry boundary condition. As for the loading conditions, each of the models was analyzed under the 3 case conditions summarized in Table 1 for comparison.
Analysis Results
The three models of the boot were analyzed based on the three loading conditions, and the stress values shown in Table 2 were obtained. As for Type 1 (Old Model), under the Case 1 conditions, stress concentration occurred in the corrugated area on the inside, as shown in Figure 5 , and maximum strain occurred at the same location at 9%. Under the Case 2 conditions, stress concentration occurred in the corrugated area, and maximum strain occurred at the same location at 7.6%. Under the Case 3 conditions, stress concentration occurred at the location in contact with the shaft, as shown in Figure 5 , and maximum strain occurred at the same location at 38.1%. As for Type 2 (New Model 1), the results of the analysis under the Case 1 conditions showed that stress concentration occurred in the middle of the corrugated area, and maximum strain occurred at the same location at 6.9%. Under the Case 2 conditions, stress concentration occurred in the corrugated area on the inside, and maximum strain occurred at the same location at 8.6%. Under the Case 3 conditions, stress concentration occurred at the location coming into contact with the shaft due to bending caused by rotation, and maximum strain occurred at the same location at 33.5%.
As for Type 3 (New Model 2), the results of the analysis under the Case 1 conditions showed that stress concentration occurred in the corrugated area on the inside, as shown in Figure 6 , and maximum strain occurred at the same location at 6.2%. Under the Case 2 conditions, stress concentration occurred in the corrugated area on the inside, and maximum strain occurred at the same location at 10.9%. Under the Case 3 conditions, stress concentration occurred at the location in contact with the shaft, as shown in Figure 6 , and maximum strain occurred at the same location at 42.9%. A comparison of the force acting upon the CV joint shaft shows that it was 417N for Type 1, 40.2N for Type 2 and 76.3N for Type 3. The force upon the shaft acts as a driven load on the vehicle, and thus less force is more desirable.
Conclusion
In this study, the CV joint boot was newly designed, and the issues of commercialization, operability, and strain and stress levels of the newly designed boots were analyzed in comparison with the conventional boot. Analyses of the three designs showed that the new designs were superior in all aspects. The maximum stress obtained based on the analysis was found to be 23.7MPa for Type 1 (Old Model), 20.7MPa for Type 2 (New Model 1) and 21.3MPa for Type 3 (New Model 2), based on which it is deemed that there would be no problems in respect to durability and reliability resulting from the design change. The force acting upon the CV joint shaft was found to be 417N for Type 1, 40.2N for Type 2 and 76.3N for Type 3, meaning that it was about 10 to 18% lower in the new models compared to the old mode
